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TIHB-TUKHBL IKTSSTI&ATIOIT Q7 A PLAIIT AlT) A SIOT-IIF. . 

^.-F ^ -■ - 1 . - I - •• 

AILSROlJ OF A iriVa VITE A FULL-SFAV SL0TT2D TLAF 
B7 Francis U. Bogallo and Bartholomew S.'Spano 

SXJKMaHT 

An InTBBtlgat ion was made In the VACA 7- hy 10-foot 
wind tnnnel of a slot-lip aileron and a plain aileron 
singly and In comolnatlon on an ZTACA 23012 vlng with a 
.0 .2565c full-Bpan slotted flap. Tbe static rolling.' 
yawlngv and hinge moments were determined and are pre- 
sented for several angles of alitaclc and flap deflections. 
The aileron-control characteriatics 'were computed for 
slot-lip and plain ailerons linked together in several 
different vays* Xhe results indicated that these deTlcee 
may he combined so as to provide satisfactory aileron- 
control characteristics throughotit the useful flight 
range on a wing with a full- span slotted flap. Tllght 
tests are recommended. 



INTRODUOTIOSr 



The VACA has recently undertaken an extensive Inves- 
tigation for the purpose of developing lateral-control de- 
vices primarily for use with full- span tra 11 Ing- edge high- 
lift devices. A large variety of spoiler, deflector, and 
slot lateral-control devices vere tested on model rings 
with full-span split and slotted flaps; static rolling, 
yawing, and hinge momei^ts and time response were deter- 
mined. (See reference 1.) The most satisfactory of these 
devices appeared to he a one-piece, plug-type, spoiler- 
slot aileron, the wind-tunnel development of which was re- 
ported In reference 2. 

Uore recently an effort has been made to develop 
other promising lateral-cont.rol . systems, for .use iFlth full- 
span flaps, particularly systems comprising conventional 
devices and their combinations. An analysis of the results 
presented In reference 3 Indicated that a combination of 
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plain and elot-llp ailerons might provide satisfactory 
lateral control at. all -useful flight conditions. The 
slot-lip aileron of reference 3 utilized the' trailing 
edge of the aialc portion of the airfoil, and the plain 
aileron was located at the trailing edge of the slotted 
flap. These ailerons were tested separatelv in a t^'o- 
dlmecBlonal flow set-up; the positive-deflection range 
of the slot-lip aileron was not covered. 

In the present investigation plain and slat-lip aller 
ons similar to those of reference 3 rere tested in comhi- 
nation over the outer 3? percent of the semlapan of a rec- 
tangular x:ACA 23012 wing with a full- span VACA slotted 
flap. These tests covered hoth positive and negative de- 
flections of the ailerons. From the test reeults aileroni- 
cont'rol characteristics vere contputed for plain a..nd slot- 
lip ailerons linked together lu several vays. The com- 
puted characterl.Bt icB are included vlt'h the test results 
in the present report. 

' APPARATUS AUS ICZTHODS 



All tests vere made in the -NACA 7- "by 10-foot closed- 
throat wind tunnel (see reference 4) at an air speed of 
about 40 miles per hour, corresponding to a test Reynolds 
numher of 1,500,000. The ailerons rere installed in the 
outer 0.37^/2 of a ^- hy 8-foot NACA 23012 wing with a 
0.2566c full-span slotted flap, as shown in figuires 1 and' 
2. The flap Installation was that designated 2-h in 
referenc'e 4, and the flap was operated along the paths 
shOT^n in figure 2. The wing was suspended ho ri zo'ntally- 
In the wind tunnel with the inboard end attached to the 
tunnel wall so as to slm?j.la,te th.e semispan of a 4- by 16- 
foot rectangular vring. The attachment at the tunnel wall 
restrained the iring in pitch but not in roll or ya^. The 
forces necessary to restrain the outboard end of'the wing 
were determined by means of the regular' balance system. 
The lift of the wlug with the ailerons neutral was com- 
puted from the vertical outboard reaction and the assump- 
tion that the lateral center of pressure of the semispan 
was 0.45b/2 from the plane of symmetry. The rolling 
moment was computed from the difference between the ver- 
tical reactions at the outboard end of the wing with ail- 
erons neutral and deflected; the yawing moment was deter- 
mined similarly from the horizontal reactions. 
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- The a Herons- were manually -operated "by meane of 
cranks outside the ttinnel wall near the Inhoard end of 
the model. The aileron hinge moments were determined tj 
means of calibrated torque rods connecting the ailerons 
and the cranks. 



SESULTS 

In the presentation of resultsi the following symbols 
are used; 

Ct lift coefficient f -L-^^ 

^ qS ; 

Ci' rollin^-noirent coefficient ( ^ 

\qtS ^ 

Cn' yawinA-monent ro ef f i c ie*it f 

f Sa ^. 

C]i hinge-aoment coefficient v — J 

a ^qSaOa ^ 

5q aileron hin^e moment 

c wing chord 

Ca aileron chord measiired along the airfoil chord 
line from the hinge axis of the aileron to 
the trailing edge of the aileron 

L tw#ce the lift on the half- span model 

S twice the area .of the half-span model 

aileron area behind hinge line 

b twice the span of the half- span model 

L* rolling moment about wind axis 

IT* yawing; moment about wind axis 

g dynamic pressure of air stream 
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a Tincorrected angle of attack 

6 aileron or flap deflectlont positive vlien trail- 
ing edge movee down 

Su'bscript s: 

a aileron 

Bl Blot-lip aileron 
p plain aileron 
f flap 



A positive value of L* or C^' corresponds to a 

decrease in lift on the model, and a positive value of !!■ 
or Cq' corresponds to an increase in drag on the model. 

Twice the actual lift, area, and span of the model were 
used in the reduction of results liecause the model repre- 
sents half of a complete wing, as has heen previously 
stated. ITo corrections have heen made for the effect of 
the tunnel walls. Such corrections might, however, he 
relatively large for the test Installation used. 

The results for the flap-neutral condition (see fig. 
3) were obtained with the hottom of the flap slot covered 
and sealed, except for one teat at a = 8°. (See fig. 3 
(b).) Comparison of the results of this test with those 
of the corresponding test for the slot-sealed condition 
shows that sealing the slot decreases the rolling-moment 
effectiveness of the slot-lip aileron, pa:|jk icularly at 
low aileron deflections, and considerably alters its 
hinge-moment charact eriet ics , as was to be expected from 
the results of references 1, 2, and 5. Slot-lip aileron 
results obtained with the slot open, as given in reference 
3, are therefore not directly applicable to designs incor- 
porating a covered slot. 

Aerodynamic characteristics of the two ailerons with 
the flap in its optimum high-lift positions at deflections 

of 20° and 30° are given in figures 4 and 5, respectively. 
Characteristics of the slot-lip aileron alone with the 
flap in its optimum positions at deflections of 40° and 

SC° are given in figure 6, where it may be seen that very 
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l.lttle. .po.9 J.tly.ei. defJ.j8ct.lon .of tbe. aileron would be permls- 
sllile beeauae of the adverse effect on rolling moment and 
'because the aileron contacts the flap. In order to allow 
a greater positive movement of the slot-lip aileron and 
to Improve the rolling moment , the flap was lowered tg 
the positions Indicated by the modified path In figure 3, 
and combination tests of the two ailerons were made. (See 
figs. 7 and 8.) The effect of the change of flap loca- 
tion on Gt f as estimated from the data of reference 
■"max 

4, la leaa than 3 percent. 

The results presented herein may be compared with 
those of semlspan plain and slot-llp ailerons as confuted 
from section data. (See reference 3.) The ailerons of 
^ the present investigation (0.37b/2) should develop about 
half as much rolling-moment coefficient as those of refer- 
ence 3 If the method of computation employed in reference 
3 were directly applicable. (See fig. 13 of reference 6.) 
In some condltlona, however, particularly for the slot- 
lip aileron at large- angles of attack and flap deflec- 
tions, the 0.37b/2 aileron produced as much rolling- 
moment coefficient as was computed for the semlspan device. 
The large discrepancies noted indicate that for devices of 
this type the effects of cross flow are of great impor- 
tance, and the effect of changes in the sise and location 
of spoiler-type or slot-lip allerona cannot be computed 
by the same methods as employed for plain ailerons on 
plain wings. This conclusion is in agreement with refer- 
ence 6 which states that, "The charts cannot be used with 
devices that change the slope of the lift curve nor for 
exceaalve deflectlona that introduce dlaturbed air flow." 
The alot-lip aileron probably doea both. 



Discussioir o; calculates hxsults 



In order to illustrate the use of the test data here- 
in presented, aileron- control characteristics were comput- 
ed for the allerona and the wing arrangement of a pursuit 
airplane as shown .in figure 9. The span of the slot-llp 
aileron shown is 0.37b/2, the same as that on the wind- 
tunnel model, and the span of the plain aileron is 
0.66b/2, approximately 50 percent greater than that on 
the wind-tunnel model. The chords of both ailerons are 
10 percent of the mean chord of that portion of the wing 
in which the ailerons are located. The lift coefficient 
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of the representative airplane at any particular .angle of 
attack and' flap deflection was aasumed to te that, of the 
"i7ing in the tunnel, coinputed as descri'bed- under Apparatus 
and'Uethods. Ihese lift coefficients nay not, however, 
he. realised- on the airplane. 

Plain ailero ns.-' The character Ist ics of the plain 

ailerons of figure 9 linked for equal up and down deflec- 
tions to p. maximum of ±15° have heen computed for slotted- 
flap doflections of 0° and 20°. (See fig. 10.) A differ- 
ential linkage that gives approximately the same cazlm^im 
rolling moment as the equal up and down deflections of 

±15° is shown in figure 11. ITith this linkage a stick 
deflection S,.- of 21*> gives aileron' deflections of 10.7° 

and --19.7°. The computed aileron-control characteristics 
of this .system (see. fig. 12) are not significantly dlffer- 
. ent..from those. of the equal-deflection system. Although 
the e^ual-^def lect ion system l^as slightly lower stick 
forces at. maximum defl'ection in. the high-speed condition, 
it has generally gr.eatel* adverse yawing moments. The 
characteristics given in figures 10 and 12- vere computed 
from the data of fl^ires 3 and 4 and the simple Isut ap- 
proximately correct assumption (see fig. 13', reference 6) 
that hinge, rolling, and ya.wing moments are {>roport ional 
to the span of the plain ailerons. The' chafacterlst ics 
of the plain ailerons alone were not computed for the 
flap at deflections' of 30° or a'bove hecause of the large 
adverse yawing moments to be expected. If that portion 
of the flap covered 'by the ailerons were limited to a de- 
flection of about 20°, however, a lateral-control system 
employing .plain ailerons alone might be considered satis- 
factory. 

Slot-l lT: a iler ons .- Because of the llniited down de- 
flection of the slot-lip aileron, control systems employ- 
ing It require- an extreme differential linkage such as 
that shown In figure 11 over the' range corresponding to a 
differential crank deflection Gti of 50.°. This differ- 
ential linkage and the large up-floating tendency of the 
ailerons cavise an overbalancing cf the system, particu- 
larly in the high-lift coriditlon, as shown in figure 13. 
This unsatisfactory stick-force may be remedied, however, 
by the installation of springs In the system, as shown 
schematically in figure 13. The spring arrangement shown 
gave the best resultant stick-force characteristics of 
the several considered. 
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■ ■ -liat oral- control charact erletl c8 of the slot-^llp all- 
' erons with the spring arrangement shown In flgur? 13 have 
been computed for slotted-f lap deflections from 20*^ to 50° > 
(See fig. 14.) . Xaoh aileron was asBuqied to haye the char- 
acteristics shown' In figures 4, 6, 7, e^nd 8. witbout cor- 
rections for tunnel effect or plan form variations". With 
the flap at 20° the stick forces may he excessive. In 
▼ lew of the high rolling moments' produced this system 
relative to those of conventional ailerons, however, It 
appears practicable to reduce the stick forces through a 
reduction of the span, chord, or deflection of the ailer- 
ons. Such a modification would also tend to eliminate 
the extremely rapid rise of rolling moment with Initial 
stick deflection at flap deflections of 40° and 50°. In 
general, the characteristics of this system Improve with 
flap deflection, whereas the opposite Is true for the 
plain aileron. 

STo computations were made for slat-llp ailerons alone 
with the flap, completelv retracted because the linkage 
assumed (see fig. 11) would not permit movement of the 
ailerons. . Although the llnJEa^re could be modified to per- 
mit deflection of the upgolng aileron only, no lateral- 
control system employing such a linkage has ever been 
generally accepted. If the slot-llp ailerons were up- 
rlgged about 10° when the flap was retracted, a differ- 
ential system similar to that of figure 11 could be 
employed. The uprlgglng would also tend to eliminate the 
effect of the Initial flat spot In the rolling-moment 
curves. (See fig. 3.) Before such an arrangement Is 
given serious consideration, however, the drag Increase 
accootpanylng the aileron uprlgglng should be determined. 

Slot- llp an d plain a ileron combina tion s.- A control 
system could be designed to permit the use of plain ailer- 
ons alone up to flap deflections of about 30° and slot- 
llp ailerons alone at all greater flap deflections, the 
shift from one device to the other being made abruptly. 
If a gradual transition Is desired It may be made by 
means of a 'system such as Is sho'wn schematically In fig- 
ure 15. .The aileron-control characteristics at a flap 

deflection of 20° with the linkage system of figure 15 In 
an Intermediate position (linkage A.2t table I) are 

shown In figure 16. The plain ailerons are deflected 
equally up and down to ±B.Z° and the slot-llp ailerons 
are deflected a maximum of 19.7° up and 10,7° down. In 
the computation of these characteristics, and of those to 
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follov. It Fas asBUined that the hinge-moment coefflclenta 
of each of the two types of aileron, vhen In com'blnat Ion, 
were as given In fl^nres 3 to 8 , even though in the as- 
sumed arrangenent (see fig. 9) the plain aileron extends 
beyond the slot-lip aileron at "both the Inhoard and the 
outhoard ends. It is known that there is some spanvise 
spread of the dlsturhed flo? region behind the slot-lip 
ailerons, but this spread may not be sufficient to cover 
the plain aileron of figure 9. In the computation of the 
rolling- -and' the yawlng-moment coefflclenta the Incre- 
ments of ■ C ^' and Cq' due to deflection of the .plain 

aileron, when In combination with the slot-lip aileron, 
were increased by 50 percent of the increments sho^n in 
figures 3 to 8 In ordsr to take account of the 50-percent 
Increase In plaln-allerur. span. It should be remembered 
that hi::ge'- moment coefficients are baaed on the chord and 
the area- of the aileron, wher&as rolling- and yawlng- 
moment coefficients are based on the span and the area of 
the complete wing. Incresair^g the apan of a device may 
therefore increase the actual hinge moment proportionate- 
ly with the Increase In aileron span even though the 
hir.ge-moment coefficient may remain unchanged. 

fflth the linkage s^'Btem shown in figure 15 adjusted 
to give aimultaneouB deflectioEs of the adjacent slot-lip 

and -olain ailerons of -4(3.6° and -25°, reapect ively , when 
the stick Is deflected 21° (linkage A3, table I) no 
springs are required to give acce"ctable stick-force vari- 
ations with the flop deflected 30'^. Computod characteris- 
tics of such a system at angl<=8 of attack -of -6° and 15^ 
are shown In figure 17; at intermediate angles of attack' 
the curves would pr.obably lie betreen those drawn. It 
will be seen that the adverse yawing-moment coefficients 
are very high at the high angle of attack, about one- 
tLird of the ro lling-monent coefficients. Tie ratio of 
adverse yawing to rollit-g moment rould be much higher at 
flap deflections of 40° and 50° than at 30°. 

It appears that a reversal of the motion of the plain 
aileron relative to that of the slot-lip aileron might im- 
prove the lateral control at high flap deflect ions . t7ith 
this poasibfllty in mind a linkage system was deaigned 
(see fig. 18) to give the same differential ratio to the 
plain ailerons aa to the alot-llp ailerona, but with the 
two moving in oppoaite direotiona at high flap djeflectlons 
(linkage Bg , table I). The deflections of the plain 
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ailerons' 'Ih 'tlilii' "cb'ili'binEit Ion wer'e 'aVsumed 'to' "be' OAe-thlrd 
those of the adjacent slot-llp ailerons, Imt of the oppo- 
site sl^n. The rolling-moment characteristics at flap de- 
flections of 30°. 40°, and 50° (see fig. 19) are not far 
different from those of the slot-llp ailerons alone. (See 
fig. 14.) The combination bystem has lover adverse yawing 
moments hut higher stick forces and poorer stick-force 
variation. Control-linkage system A vlth springs, more' 
over. Is considered, less complicated and more rellahle' 
than linkage system B, even though system B requires 
no springs. 

In the foregoing discussion only a few of the many 
possible methods of comhlnlng plain and slot-llp ailerons 
have bean considered. The computed characteristics of 
the assumed systems appear to he satisfactory and could, 
no doubt, he further Improved hy a more complete study of 
aileron arrangements and linkages. It la not considered 
pro.f Itable , however, to spend very much time refining a 
proposed system on the basis of the wind-tunnel results 
presented In this report because the change of aerodynamic 
characteristics dne to changes of plan form, wing section, 
and the arrangement and detail design of the ailerons may 
be large. The data presected are considered useful pri- 
marily for mailing a preliminary design of a particular 
installation that is to undergo further development 
either In a wind tunnel or in flight. 



CONCLUDING BE1LA.BES 



On the basis of results presented herein It appears 
that slot-llp And plain ailerons may be combined so as to 
provide satisfactory aileron-control characteristics 
throughout the useful flight range on a wing with a full- 
span slotted flap. Flight tests are recommended. 



Langley Memorial Aeronautical Laboratory, 

National Advisory Commltt.ee for Aeronautics, 
Langley Field. Ta. 
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TABLX I.- AILXBOV SS7LXCTI0VS COHSBSFOBSIITa 
— A' STICK DITLBCTIOH 01 -21° -TO" THE HI&HT 



Linkage 
(a) 


Sprloga 


Bight wing 


Left wing 


Figure 
tc) 


5p (aeg) 


6 si 


&p(aeg) 






No 


-15 


0 


15 


0 


10 


Aa 


Yes 


-E .3 


-IS. 7 




10.7 


16 


As 


No 


-as 


-<i6. 0 


AO 


6.k 


17 


A4, 


Yes 


0 


-46 . 6 


0 


6.ii 


14 


Bi 


No 


-15.7 


0 


10.7 


0 


Ih 


Ba 


No 


15.5 


-■^6.0 


-S.l 


s.a 


IS 



Linkage to A4 are olstalned with linkage 

Byetem A (Bee fig. 15). Linkage 5^ and 

are obtained, vith. linkage syateni B (see fig. 
18) . 

'Springs employed are as shown in figures 13 and 
15. 

Tlgures showing comptited a Heron- control eharae- 
terlet Icsi 



UCA 



Figa. 1, 2 




Flgara 1.- Sohanatlo dltgram of tagt set-np. 



Flap noaa path froni rafaranoa 4. 
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30 


2.63 
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40 


1.35 
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50 


.50 


1.63 



Hodifiad path. 



6f ,(d«B) 


X ,%a 


y .*! 


40 
50 


1.50 
.50 


3.20 
2.50 




Figure 2.- Tha 0.37 b/2 alot-llp and plain allarona on an 8-foot aamiapan HACA 23012 wins 
with a 0.2566a fall-apan alottad flap. 
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Figs. 5a, b 




-50 -40 -30 -20 -lO O 10 

Up Slof-lip aileron deflscfion, 6,i ,deq 

Figure 3a.- a , 1°; Cl , 0.17 
Figure 3a to c- Aerodynamic oharaoteristioa of- 
0.10c by 0.37 b/2 plain and slot-lip ailerons on 
an 8-foot seraispan MACA 23012 wing with a 0.2566c 
full-span slotted flap. Flap retracted; slot closed. 



40 -30 -20 -10 
5lof-lip aileron def/etzfion.S^j ,deg 



Figure 3b. 
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Figs. 4d, 5a 
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-50 -40 -30 -BO -10 O 
Up Sfof-/ip aileron deftsciion , 6^1 ,deg 

Figure 4d.- ot , 15°; Cl , 2.34 



D'n. 



-30 -20 -10 0 to 

Slof-lip aileron defleciion, 6,i ,deg 

-13°; Cl , 0.11 
Figure 5a to e.- Aerodynamic oharaoteristica of 
0.10c by 0.37 b/2 plain and slot-lip ailerons on 
an 8-foot semispan NACA 23012 wing with a 0.2566o 
full -span slotted flap; 5f = 30°. 



NACA Figs. 6a, b 




(a) (b) 



-SO -40 -30 -20 -to O 10 20 -SO -40 -30 -20 -10 O 10 

Up Slot-lip aileron defledion, 6,1 .deg D'n. Up Sloi- lip ailsron deflection, S,i ,deg D'n, 

Fi^iiure 6a.- - 40° Figure 6b.- 6f = 50° 

Figure 6a to b.- Aerodynajmic characteristics of a 0.10c by 0.37 b/2 slot-lip aileron on an 
8-foot semispan NACA 23012 wing with a 0.2566o full-span slotted flap. Flap nose location at 
optimum positions recommended in reference 4. 
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(a) 



Figa. 7a, b 



-50 



-SO 



Up 



Slof'lip aileron cfef/ccf/on, tS.j , 

7a.- -- - ^ 



10 



D'n. 



ao 



, deg 

Figure 7a.- a , -6°: Cl .0.83 
Figure 7a to a.- Aerodynamic characteristics of 

O.lOe by 0.37 b/2 plain and slot-lip ailerons on 

an 8-foot semi span NACA 23012 wing with a 0.2566c 

full-span flap; 5f = 40°; flap nose location; 

X = 0.0150O, y = O". 03200. 




-SO 

Up 



-40 -30 -20 -10 O 
Slof-Np ai/eron deflection, ,deg 
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Figure 8a to e.- Aerodynarnis characteristic? of 
0.10c by 0.37 b/2 ralain and slot-liD ailerons on 
an 8-foot seinispan NACA 23012 wing wibh a 0.2566c 
full-span slotted flap; 6f=50°; flap nose location: 
X = 0.b050c, y = 0.0250c. 
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Figure 9.- Assumed aileron and slotted-flap arrangement 
on a pursuit airplane wing. 
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Figure 15.- Schematic diagram of linkage system A to 
operate ailerons in combination. 
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All differential motion is assumed 
to take place between pivots 1 and 2 
as shown in figure 11. 

Figure 18.- Schematic diagram of linkage system B to operate 
ailerons in ctmbination. 
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Figure 10a.- Slotted flap retracted- Figure 10b.- Slotted flap deflected SO*^'. 

Figure 10a to b.- Tha characteristics of plain ailerons linked for equal deflections, maximuni 6^ " * 15°. 
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Flgore 11.- Differential linkage b. 
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Figure 13.- The effect of aprlngB on atick-force 
characteriBtica. 
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Figure 13a.- Slotted flap retraoted. Flguxe 13b.- Slotted flaps deflected 30°. 

Figure 13a to b.- Tbe cbaracterletloa of plain ailerons linked for differential operation to 10.7° and -19.7°. 
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Figure 14c.- Blottad fl«p daflaotad 40". 
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Figure IM.- Slotted flap deflected 50°. 
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Figure 16.- Tba obaracterlstlCB of a oob- 

blnatloa systaa with Unkag* 
kg . aiottad flap deflaotsd ao". 



Figura 17.- Tha obaracterlstlci of a coablnatlon ayatea wltb llnkaga 
A3 . Slotted flap deflected 30°. 
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rigore 19a.- Slotted flap daflaeted 30°. rigura 19b.- Slotted flap dafleoted 40°. 

rigure 19a to o.- The ebaiaoterlatloa of a ooriblaatlos ayetaB witb linkage B_ . 
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